A bacterial strain designated PM10
The study of endophytic bacteria from legume nodules is increasing since the nodule microbiome has a complex structure and includes several plant growth promoters (PGPR) in addition to rhizobia which have great interest in the future design of biofertilizers (Velázquez et al., 2013) . Nevertheless, so far only a minor part of the nodule endophytic bacteria has been studied since most legumes remain unexplored, as occurs with Periandra mediterranea Mart. ex Benth. (subfamily Papilionoideae and tribe Phaseoleae), an underbrush species native to Brazil (Silveira Funch & Maciel-Barroso, 1999) , which grows on rock outcrops (ferruginous rocks) rich in iron (hematite) and acidic, nutrient-poor as well as drained soils, an orographic unit forming a great watershed zone between the main river basins of Brazil.
The genus Paenibacillus comprises Gram-staining-positive or Gram-variable endospore-forming rods with oval endospores and swollen sporangia. The major fatty acid is anteiso-C 15 : 0 and meso-diaminopimelic acid is commonly present in the peptidoglycan (Priest, 2009 ). This genus is ubiquitous in nature and several species have been originally found in legume nodules (Valverde et al., 2010; Carro et al., 2013 Carro et al., , 2014 .
During a study of the rhizobia, a novel non-nodulating strain, PM10
T , which belongs to the genus Paenibacillus, was isolated from root nodules of Periandra mediterranea in Brazil. Taxonomic characterization of the strain using a polyphasic approach revealed that it represents a novel species of the genus Paenibacillus.
Periandra mediterranea root nodules were washed several times with sterile distilled water and then were surface sterilized in HgCl 2 2.5 % (w/v) for 2 min. The nodules were rinsed five times with sterile distilled water and were then crushed using a sterile pestle. The homogenized nodule tissue was inoculated on modified yeast extract mannitol agar (YMA; Vincent, 1970 ) (containing, per litre: 10 g mannitol, 1 g yeast extract, 0.2 g K 2 HPO 4 , 0.2 g MgSO 4 . 7H 2 O, 0.5 g NaCl and 20 g agar, with final pH 7) and the plates were incubated at 28 8C for 4 days. In parallel, some of the disinfected entire nodules were incubated in the same medium in order to ensure their complete external disinfection and no growth was observed around these nodules. A single colony was picked and purified on YMA. After incubation for 2 days at 28 8C, the colonies were white, mucoid, translucent and convex. This isolate was unable to produce nodules in Periandra mediterranea.
On TSA medium (Difco, Becton Dickinson), colonies of strain PM10
T are white-cream, round, smooth and convex with approximate diameters of 1-3 mm after incubation at 28 8C for 2 days.
Strain PM10
T was grown on nutrient agar (NA; Difco, Becton Dickinson) for 48 h at 22 8C to check for motility by phase-contrast microscopy using the hanging-drop method. Gram staining was carried out by the procedure described by Doetsch (1981) after 24 h of incubation at 28 8C in NA medium. The flagellation type was determined by electron microscopy after 48 h of incubation of strain PM10
T in NA at 22 8C. The cells were gently suspended in sterile water and then stained with 0.2 % uranyl acetate and examined at 80 kV with a Zeiss EM 209 transmission electron microscope. Strain PM10 T was Gram-stain-variable and motile by means of peritrichous flagella (Fig. S1A , available in the online Supplementary Material) and formed oval central or sub-terminal endospores (Fig. S1B ).
Amplification and sequencing of the 16S rRNA gene were performed according to Rivas et al. (2007) . The sequence obtained was compared with those from the GenBank database using the BLASTN (Altschul et al., 1990) and EzTaxon-e server (Kim et al., 2012) programs. Sequences were aligned using CLUSTAL X software (Thompson et al., 1997) and distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were inferred using the neighbour-joining and maximum-likelihood models (Saitou & Nei, 1987; Rogers & Swofford, 1998) including species of the genus Paenibacillus with more than 93 % similarity with respect to strain PM10 T . The MEGA5 software package (Tamura et al., 2011) was used for all analyses.
Comparison of the 16S rRNA gene sequence of strain PM10
T (1476 nt) against those of type strains held in the EzTaxon-e database indicated that this strain belongs to the genus Paenibacillus and that the most closely related species is Paenibacillus vulneris with 95.9 % 16S rRNA gene sequence similarity. Although it is not yet present in this database, the type strain of the recently described species Paenibacillus yunnanensis (Niu et al., 2015) was also closely related to strain PM10 T with a similarity value of 95.6 %. The remaining species of the genus Paenibacillus presented less than 95 % 16S rRNA gene sequence similarity. In the phylogenetic analysis, strains that according to the EzTaxon-e database have more than 93 % 16S rRNA gene sequence similarity were included. Both neighbour-joining ( Fig. 1) and maximum-likelihood analyses ( Fig. S2) showed that strain PM10
T clustered with the type strains of the closest related species P. vulneris and P. yunnanensis. The distances found in both trees support the classification of strain PM10
T to a novel species within this genus.
For DNA base composition analysis, DNA was prepared according to Chun & Goodfellow (1995) . The mol% G+C content of the DNA was determined using the thermal denaturation method (Mandel & Marmur, 1968) . The G+C content of strain PM10
T was 52.9 mol%. This value is within the range defined for the genus Paenibacillus (Shida et al., 1997), although it is higher than that reported for Paenibacillus polymyxa, the type species of genus Paenibacillus, with 43-46 mol% (Priest, 2009 ).
Cellular fatty acids were analysed at CECT (Spanish Collection of Culture Types) by using the Microbial Identification System (MIDI; Microbial ID) Sherlock 6.1 and the library RTSBA6 according to the technical instructions provided for this system (Sasser, 1990) . Strains were grown on TSA plates (Becton Dickinson, Difco) for 48 h at 28 8C. Other chemotaxonomic analyses were carried out by the Identification Service of the Leibniz Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany) for which the strain PM10 T was cultivated in TSA (Becton Dickinson) for 48 h at 28 8C. Respiratory quinones and polar lipids were analysed as described by Tindall (1990) . To perform the analysis of peptidoglycan, whole cells of strain PM10
T were hydrolysed with HCl at 100 8C for 15 h. The hydrolysates were subjected to thin-layer chromatography on cellulose plates using the solvent system of Rhuland et al. (1955) . Menaquinone-7 (MK-7) was the only respiratory quinone detected in strain PM10
T . MK-7 is the major menaquinone in species of the genus Paenibacillus (Shida et al., 1997) . meso-Diaminopimelic acid (DAP) was detected in the peptidoglycan of strain PM10
T . The presence of DAP in the peptidoglycan is consistent with members of the genus Paenibacillus (Shida et al., 1997) which typically present peptidoglycan type A1c (Schumann, 2011) . The major fatty acid in strain PM10
T was anteiso-C 15 : 0 (69.4 %) as corresponds to species of the genus Paenibacillus (Priest, 2009) , and the remaining fatty acids were present in amounts lower than 7 % (Table 1) . The fatty acid profile of strain PM10
T differed with respect to those of the closest related species mainly in the proportions of iso-C 16 : 0 and anteiso-C 17 : 0 (Table 1) . Strain PM10 T also differed from the type species P. polymyxa in the proportions of anteiso-C 15 : 0 . Strain PM10 T displayed a lipid profile (Fig. S3) consisting of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmonomethylethanolamine and two unidentified lipids present in low amounts. Both, P. vulneris and P. yunnanensis have the same major polar lipids as strain PM10
T (Glaeser et al., 2013; Niu et al., 2015) and differed from the type species of Paenibacillus, P. polymyxa, which does not have phosphatidylmonomethylethanolamine (Kämpfer et al., 2006) .
The phenotypic characterization included the characteristics recommended in the minimal standards for aerobic endospore-forming bacteria (Logan et al., 2009) . The API 20NE, API20E and API50CH systems (bioMérieux) were inoculated according to the manufacturer's instructions. These systems were incubated for 72 h at 28 8C.
Paenibacillus ehimensis KCTC 3748 T (AY116665)
Paenibacillus koreensis YC300 T (AF130254)
Paenibacillus elgii SD17 T (AY090110)

Paenibacillus tianmuensis B27 T (FJ719491)
Paenibacillus xylanisolvens X11-1 T (AB495094)
Paenibacillus naphthalenovorans PR-N1 T (AF353681)
Paenibacillus validus JCM 9077 T (AB073203)
Paenibacillus edaphicus T7 T (AF006076)
Paenibacillus mucilaginosus VKPM B-7519 T (FJ039528)
Paenibacillus filicis S4 T (GQ423055)
Paenibacillus soli DCY03 T (DQ309072)
Paenibacillus chinjuensis WN9 T (AF164345)
Paenibacillus chitinolyticus NBRC 15660 T (AB021183)
Paenibacillus ferrarius CY1 T (KF925453)
Paenibacillus frigoriresistens YIM 016 T (JQ314346)
Paenibacillus aestuarii CJ25 T (EU570250)
Paenibacillus rigui WPCB173 T (EU939688)
Paenibacillus periandrae PM10 T (KT257095)
Paenibacillus yunnanensis YN2 T (KJ914577)
Paenibacillus vulneris CCUG 53270 T (HE649498)
Paenibacillus oenotherae DT7-4 T (KF900218)
Paenibacillus swuensis DY6 T (JQ958374)
Paenibacillus hodogayensis SG T (AB179866)
Paenibacillus ginsengarvi Gsoil 139 T (AB271057)
Paenibacillus polymyxa IAM 13419 T (D16276 )
'Paenibacillus yonginensis' DCY84 (KF915796)
Paenibacillus anaericanus MH21 T (AJ318909)
Paenibacillus shirakamiensis P-1T T (AB769168)
Paenibacillus selenitireducens ES3-24 T (KC815539)
Paenibacillus susongensis M327 T (KJ101448)
Paenibacillus terrigena A35 T (AB248087)
Paenibacillus popilliae ATCC 14706 T (AF071859)
Lactobacillus lactis Anaerobic growth was tested in fluid tetrathionate medium (SigmaA). Acetoin production, ability to grow in the presence of 2, 5 and 7 % NaCl, nitrate reduction, and phenylalanine deaminase, catalase, caseinase, gelatinase, amylase and oxidase activities were analysed as described by Claus & Berkeley (1986) . Acid production from D-glucose, D-xylose, D-mannitol and L-arabinose and gas from glucose were analysed in liquid medium as described by Claus & Berkeley (1986) . Growth was determined at temperatures 4, 15, 25, 30, 37, 40 and 45 8C in TSA medium (Difco, Becton Dickinson) . Growth at pH 5 and 6 was tested in nutrient broth (Difco, Becton Dickinson) adjusted with PCA buffer (0.4 M Na 2 HPO 4 and 0.2 M citric acid), growth at pH 7-8 was tested in the same medium containing 200 mM K 2 HPO 4 /KH 2 PO 4 , and growth at pH 9 and 10 was tested in the same medium containing 200 mM KHCO 3 /K 2 CO 3 . P. vulneris DSM 27954 T , P. yunnanensis JCM 30953
T and P. polymyxa CECT 155 T were included in this study as reference strains. Results are given in the species description and the differences with the closest related species are given in Table 2 .
Collectively, these results showed that strain PM10
T represents a novel species of the genus Paenibacillus distinguishable of the closest phylogenetically related species in the 16S rRNA gene sequence, in chemotaxonomic features and in biochemical and physiological characteristics including enzyme production and assimilation of several carbohydrates and organic acids. The name Paenibacillus periandrae sp. nov. is proposed for the novel species.
Description of Paenibacillus periandrae sp. nov.
Paenibacillus periandrae (pe.ri.an9drae. N.L. gen. n. periandrae of Periandra, referring to the plant from which this species was first isolated).
This description is based on a single isolate. Cells are Gram-stain-variable rods (width 0.9-1.0 mm, length 3.3-4.8 mm) and motile by means of peritrichous flagella. Oval central or sub-terminal endospores are formed in swollen sporangia. Catalase-negative and oxidase-positive. Colonies on nutrient agar medium are white-cream, round, smooth and convex with approximate diameters of 1-3 mm. Anaerobic growth is negative. Grows at pH 6-8 (optimum pH 7) and at 15-37 uC (optimum 30 uC). Can grow weakly in the presence of 2 % NaCl but not in higher NaCl concentrations. Nitrate is not reduced to nitrite. Produces caseinase and b-galactosidase, but not gelatinase, indole, phenylalanine deaminase, urease, arginine dehydrolase, ornithine or lysine decarboxylase. Amylase production is weak and H 2 S production is (Kim et al., 2004) ; 7, Paenibacillus xylanisolvens X11-1 T (Khianngam et al., 2011) ; 8, P. polymyxa CECT 155 T (Carro et al., 2013) . Fatty acids present in all species in amounts ,1 % are not shown. ND, Not detected.
Fatty acid 1 2 3 4 5 6 7 8
Saturated straight-chain C 14 : 0 2.2 1.1 0.9 0.9 1.3 1.9 2.4 1.8 C 15 : 0 0.7 5.5 6.5 5.7 1.4 1.2 3.1 0.9 C 16 : 0 5.6 6.0 3.8 3.6 3.7 9.7 14.0 6.2 Saturated iso-branched C 14 : 0 6.6 5.1 5.5 2.9 1.5 2.1 2.4 3.1 C 15 : 0 4.2 3.9 6.0 9.3 13.1 10.6 5. 
